Hydrogenated curcuminoids are the major metabolites of the curcumin and 'CuroWhite' is a unique blend of hydrogenated curcuminoids encapsulated with ␤-cyclodextrin. There is no particular scientific evidence for the toxicology regarding the hydrogenated curcuminoids, so the present work reports the results of the studies investigating the acute (single dose) and subchronic (repeatedly 90 days) oral toxicity of the CuroWhite in Sprague Dawley rats. For acute oral toxicity testing a sighting study was conducted on female rats in a sequential manner to allow selection of the appropriate starting dose for the main study. In acute toxicity, the dosage was 2000 mg/kg body weight for four female rats. In the sub-chronic study, rats of both sexes divided into three groups and each group were orally treated with CuroWhite daily at 200, 400 and 800 mg/kg for 90 days consecutively. No evidence of treatment related toxicity was detected during the study. Thus, data analysis of mortality, body weight gain, feed consumption, clinical observations, hematology, organ weights and histopathological findings did not show significant differences between control and treated groups. It is concluded that CuroWhite orally administered to rats was safe and no drug-related toxicity was detected even at the highest doses investigated in both acute (2000 mg/kg) and subchronic toxicity (200, 400 and 800 mg/kg) studies. Based on the study, the no-observed-adverse-effect level (NOAEL) value could be considered as 800 mg/kg per day in both the sexes. These results indicate that CuroWhite can be generally regarded as safe for use as a food additive.
Introduction
Turmeric has a long history of use in Ayurvedic medicine for the treatment of inflammatory conditions [1] and a wide variety of diseases including those of the skin, pulmonary, and gastrointestinal systems, aches, pains, wounds, sprains, and liver disorders [2] . Curcumin, extracted from the dried turmeric root of plant Curcuma longa plays the major role in health care and in food ingredients. Curcumin is responsible for medicinal properties and the main constituents are Curcumin (C1), Demethoxycurcumin (C2), and Bisdemethoxycurcumin (C3) [3] . The characteristic yellow color of the curcumin is mainly due to the two double bonds conjugated with beta-diketones [4] .
Hydrogenation of curcuminoids can be done by a catalyst [5, 6] and the obtained product is light yellow to brown having more bio-availability than the curcuminoids when encapsulated with ␤-cyclodextrin [4] . The resultant product is the mixture of hydrogenated curcumioids namely, Tetrahydrocurcumin, (THC), Hexahydrocurcumin (HHC) and Octahydrocurcumin (OHC) or Hexahydrocurcuminol and the structures are as in Fig. 1 . These are the major metabolites of curcumin [7, 8] and they inhibited various Lipopolysaccharide (LPS) induced responses in vitro, including excess NO production, increased iNOS and COX-2 protein expression as well as LPS-induced degradation of IB-␣ and overexpression of nuclear p65 [9] . THC, one of the major metabolites of curcumin showed good antioxidative property and greater inhibitory effect than curcumin on the lipid peroxidation of erythrocyte membrane [10, 11] in vitro. Its role in protection against lipid peroxidation proved by the significant increase in the activities of superoxide dismutase, catalase, glutathione peroxidase, glutathione-S-transferase, reduced glutathione, vitamin C and vitamin E in liver and kidney of diabetic rats [12, 13] . Cytotoxicity of HHC to colorectal cancer cells SW480 is significant [14] and the treatment of human platelet-rich plasma with HHC resulted in an inhibitory effect on platelet aggregation, suggests the potential of this compound as an anti-atherosclerogenic agent in humans [15] .
Aurea Biolabs developed a unique formulation of the hydrogenated curcuminoids encapsulated with ␤-cyclodextrin branded as 'CuroWhite, and by this method the hydrogenated molecules can be entrapped in cyclodextrin lipohilic cage, hence the cyclodextrin matrix have more bio-availability, solubility and stability [4] . CuroWhite contains THC (17-20%), HHC (2.5-5%) and OHC (0.70-1.25%). Even though, apart from the pharmacological properties there is no particular scientific evidence of the toxicology regarding the hydrogenated curcuminoids. Herein we first report, to the best of our knowledge, a study of the acute and subchronic oral toxicity of the hydrogenated curcumin formulation, CuroWhite.
Materials and methods
CuroWhite was prepared according to the method of Sreeraj et al. and the total hydrogenated curcuminoids was 25% by HPLC [4] . Required quantity of test item was weighed as per the dose and suspended in distilled water to get the desired concentration. Formulation of the test item was prepared shortly before dosing. The homogeneity of the test formulation was maintained by continuous stirring on the magnetic stirrer during dosing. The test item was administered by oral gavage to each rat as a single dose, using gavaging needle. The dosage volume administered to individual rat was adjusted according to its body weight recorded on the day of dosing and the dose volume was 10 mL/kg.
Adult male and female Sprague Dawley rats (7-8 weeks old) were used for acute and 90 day subchronic toxicity tests and all the rats bred in Liveon Biolabs (P) LTD, Karnataka, India. The animals were acclimatized for a minimum of 5 days period to standard laboratory conditions and were housed in centralized air-conditioned rooms with adequate fresh air supply (Air changes of 12-15 h −1 ). The room temperature was 21.2-24.8 • C and relative humidity was 44-69% with 12 h light and 12 h dark cycle. All the animals were approved by the Institutional Animals Ethics Committee (IAEC) and the animal feed ad libitum manufactured by Pranav Agro Industries Limited, India throughout the acclimatization, treatment and recovery periods.
Acute oral toxicity study
For acute oral toxicity testing a sighting study was planned to allow selection of the appropriate starting dose for the subchronic study. In the sighting study, an effect of CuroWhite (300 mg/kg) was investigated in a sequential manner by administering to a single female animal having 130-150 g body weight. The animal was observed for the toxicity and then another dose (2000 mg/kg) administrated in another female rat. After observing the clinical signs of toxicity and mortality for 24 h, the main acute toxicity study was conducted in another set of 4 female rats by administering a dose of 2000 mg/kg body weight of CuroWhite through oral gavage as a single dose.
Subchronic 90-day oral toxicity study
For Sub chronic toxicity testing, grouping of animals having 140-169 g body weight was done on the last day of acclimatization by body weight randomization and stratification method. Grouping of animals was done such that body weight variation of animals did not exceed ±20% of the mean body weight of each sex. The details of the classification of the animals are given in Table 1 . A recovery group is a non-dosing group that follows the main dosing phase of a study; it is included in nonclinical toxicity studies to understand whether toxicities observed at the end of the dosing phase are partially or completely reversible. Also information on the persistence or reversibility of effects will be obtained from recovery groups, comprising the controls and the high-dose group [16] . G1R refers to Control recovery group and G4R refers to high dose recovery group.
The duration of the administration was for a period of 90 days for both main and recovery groups. The animals were fasted overnight before test item administration. Food was offered 3-4 h following dosing. All animals were observed twice daily for clinical signs of toxicity, mortality and morbidity.
Blood samples were collected from main groups (G1-G4) and recovery groups (G1R and G4R) on day 90 and 120, respectively before sacrificing the animals. One batch was collected in tubes con- taining Dipotassium ethylene di-amide tetra acetic acid (K 2 -EDTA) anticoagulant for hematology analysis and another without anticoagulant for clinical chemistry analysis. The blood samples collected for clinical chemistry were centrifuged at 3000 rpm for 10 min to obtain clear serum. Blood samples were collected humanely from retro-orbital plexus puncture method under carbon-dioxide anaesthesia with the help of a fine capillary tube. The hematology parameters estimated were hemoglobin (HGB), hematocrit (HCT), erythrocyte count (RBC), total leukocyte count (WBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and platelet counts. Blood smears were prepared with Leishman's stain and differential leucocyte count (DLC) was carried out by standard microscopy of counting 100 cells such as neutrophils (N), lymphocytes (L), eosinophils (E), monocytes (M) and basophils (B). The clinical chemistry parameters such as total protein, glucose, albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen, total cholesterol, triglycerides, urea, creatinine, Na and K also measured.
At the completion of the experimental period, all animals fasted for 12 h prior to the sacrifice and animals were humanely sacrificed by exposing them to excess carbon dioxide in gas chamber and subjected to the external and internal gross necropsy examinations. In subchronic testing all the surviving animals from main groups (G1-G4) and recovery groups (G1R and G4R) were sacrificed on day 91/92 and 119/120, respectively.
During the necropsy, the organs from all animals were collected and trimmed off any adherent tissue, as appropriate and weighed as soon as possible to avoid drying. These included liver, kidney, testis, epididymis, adrenals, uterus, ovaries, heart, spleen, brain and thymus. Detailed gross pathological examination was performed and recorded. The organs showing gross lesions (if any) were collected for histological evaluation.
Statistical analysis
The obtained raw data were subjected to statistical analysis using graph pad prism software. The data on body weight, body weight gain, feed consumption, organ weights, hematological and clinical chemistry estimations were analyzed statistically using One-Way ANOVA (Analysis of Variance) with Dunnett's posttest for different treatment groups comparing with vehicle control group data. All analyses and comparisons were evaluated at 95% level of confidence (P < 0.05). The statistically significant changes obtained from the above mentioned tests were designated with the superscripts in summarized tables of the study.
Results
During sighting study, both the female animals (300 and 2000 mg/kg doses) did not show any clinical signs of toxicity and mortality for 24 h. There were no significant changes in clinical signs, weight gain, gross pathological changes and mortality in any of the female rats during acute oral toxicity test. (Tables 2 and 3) . These results suggested the necessity of the subchronic study.
The administration of acute and repeated 90 day subchronic oral dose of CuroWhite produced neither drug related deaths nor treatment related signs of toxicity in any of the animals during the study. In the subchronic oral toxicity test there were no biologically significant treatment related adverse effects and abnormality on food consumption (Figs. 2 and 3 ) and body weights (Figs. 4 and 5) as depicted. Hematology (Tables 4 and 5) , clinical biochemistry ( Tables 6 and 7 ) and absolute organ weights of all internal organs (Tables 8 and 9 ) at necropsy in animals are given.
Discussion
Two mortalities, one male of G4 (800 mg/kg, high dose, animal no. 31) and one female of G4R treatment group (800 mg/kg recovery group, animal no. 99) were noticed on day 63. However, upon necropsy based gross pathological examinations by pathologist, none of the changes were found at organ level that may potentially relate the high dose toxicity. The dead animals had moderate to marked degree of autolytic changes in liver, kidneys, stomach, intestine, genital organs, brain, sciatic nerve spleen, thymus, spinal cord on microscopic examination. The lungs from animal number 31 revealed bronchopneumonia with congestion, edema of alveoli whereas animal number 99 revealed congestion, edema of alveoli. Lungs from both animals also had minimal degree of autolytic changes. These two deaths had no dose-dependent adverse changes attributable to treatment effects. The history of animal during dosing showed that these animals had an accidental gavaging error.
Also on gross pathological examination the changes noticed were related to dosing error and related to treatment effect. All these points are suggestive of deaths due to gavaging method [17] . The microscopic lesions noticed in lungs from both the animals were suggestive of accidental and or gavaging error. Lungs of affected animals resulted in inflammation of bronchi and associated alveolar structures. The accidental entry of small dose of test formulation must have acted as foreign to the lungs and resulted in infiltration of the alveoli by inflammatory cells, congestion and or hemorrhage. The cause of apoptosis could be predominantly due to entry of small dose of formulations and later resulted in bronchopneumonia but without bacterial contamination at microscopic level. The cause of moderate to marked degree of autolytic changes in the organs evaluated could be due to the post mortem changes [18] .
There were no treatment related histopathological changes at G4 (high dose, 800 mg/kg) in both the sexes observed. All the other lesions noticed at high dose and vehicle control group were considered as spontaneous and incidental in nature for this particular species and strain of rats. There was no considerable difference in food consumption between the groups of female and male rats ( Figs. 2 and 3 ). But after 90 days there were a slight increase in food consumption for control recovery (G1R) and high dose recovery (G4R) in both sexes then decreased in the last week. The food consumption of the high dose recovery group was little higher than that of the control recovery group in males and reversed in the case of the females.
Similarly, no statistically significant as well as biological differences in the body weights and body weight gains (Figs. 4 and 5 ). There was a gradual increase in body weight for all the groups during the study indicates there was no dosage related toxicity. During the recovery period, the average body mass of the high dose recovery group was lower than that of the control recovery group in both the sexes. Tables 4 and 5 indicate that there were no significant alterations in hematological parameters between control and different treatment groups in both male and female groups. The total Leukocyte Count (WBC) was decreased for both G1 and G4R (5.94 and 5.38 × 10 3 cells/L respectively) in female rats.
In addition, there were no abrupt differences in clinical biochemistry values (Tables 6 and 7) in both sexes. The values of creatinine decreased in both the male recovery groups as in Table 6 . In G2 and G3 male groups, urea was significantly increased and creatinine was significantly decreased compared to the controls. Similarly, in G3 sodium was significantly increased. The creatinine was 0.79 ± 0.18 mg/dL in the control group, however in 200, 400, 800 mg/kg dose groups creatinine was significantly decreased. While in both control recovery and 800 mg/kg dose groups it was 0.16 ± 0.05 and 0.17 ± 0.03 mg/dL, respectively. Though the values are statistically significant and decreased, the decrease in creatinine values [19, 20] indicates the result of nephroprotective effect of CuroWhite to improve creatinine clearance [21] . On histopathology of G1R and G4R group animals, the kidneys did not show any abnormal changes correlative to kidney toxicity and specific to reduction in the urea or creatinine values [18] . Hence it cannot be attributed to kidney toxicity. The microphotographs of the kidney for histopathological changes which are all within the normal histological limits as shown in Figs. 6 and 7.
The AST values are higher in male rats for both G1R and G4R (186 and 184.22 IU/L respectively) as compared with G1 (147.76 IU/L). Similarly, the glucose level was slightly high in both G1R and G4R (115.90 and 119.10 mg/dl respectively) as compared with vehicle dose (68 mg/dl) in female rats, but for all other groups there was no significant difference. Even though the values of AST and glucose are higher, there are no significant changes at high dose recovery (G4R) when compared to the control recovery (G1R) groups which is a concurrent control group. Moreover, these values are fall within the in-house historical control data and also are within physiological range.
Absolute organ weights were similar in all the groups as depicted in Tables 8 and 9 . However, in males, absolute organ weight of liver was statistically increased at high dose group (800 mg) and there were associated correlative changes observed under microscopic examination. CuroWhite is the hydrogenated formulation of the curcuminoids and generally considered as the metabolites of the curcumin [22] , hence it is safe as functional food and food additives. In addition, this study data may also be used as a basis for the dose selection and also for establishing safety criteria for human exposure.
The data derived would allow the characterization of the CuroWhite toxicity with an indication of the dose response relationship and determination of the NOAEL and to classify the test item according to Globally Harmonized System (GHS) in rats. NOAEL could be considered as 800 mg/kg body weight in both the sexes. Therefore, CuroWhite can be labeled as unclassified in the hazard category according to GHS.
Conclusion
In conclusion, CuroWhite is the unique blend of hydrogenated curcumin which are the metabolites of the curcumin and at the oral Values are in Mean ± Standard Deviation. Values are in Mean ± Standard Deviation. * P < 0.05. ** P < 0.01. *** P < 0.001.
Table 6
Clinical biochemistry of male rats given subchronic oral dose of CuroWhite. Values are in Mean ± Standard Deviation. * P < 0.05. ** P < 0.01. *** P < 0.001.
Table 7
Clinical biochemistry of female rats given subchronic oral dose of CuroWhite. doses tested, CuroWhite can be considered safe as it did not cause either any lethality or adverse changes in the general behavior in both the acute toxicity studies and the subchronic toxicity studies in rats. Based on the results from the current study the NOAEL for could be considered as 800 mg/kg body weight in both the sexes. Therefore, CuroWhite can be labeled as unclassified in the hazard category according to GHS.
